Objectives: To assess physical activity (PA) and sedentary behaviour (SB) in non-institutionalised 5 adults with mental illness, using a combination of self-report and objective measures. 6
M a n u s c r i p t
Introduction 27
Adults with mental illnesses have a shorter life expectancy than the general population 1 , and increased 28 risk of chronic disease 2 . Physical activity (PA) can protect against these outcomes 3 , and reduce 29 depression and anxiety 4 . High levels of sedentary behaviour (SB) are associated with increased risk of 30 morbidity and all-cause mortality 5 , and may also be associated with poor mental health 6 . It is therefore 31 important to understand the levels of PA and SB of adults with mental illness. 32
33
Most studies of PA and SB in adults with mental illness have used self-report measures only. These 34 studies have commonly assessed the frequency (e.g. times/week) and intensity of activities 7-9 , or have 35 only reported categories of total activity 2, 10 . Few studies have reported on the self-reported duration of 36 PA 11, 12 , which is important for determining adherence to PA guidelines, and identifying the most 37 common contexts of PA participation. A questionnaire study with 21 community-based adults with 38 mental illness reported that walking comprised the greatest, and leisure-time activity the lowest, 39
proportion of moderate-to-vigorous physical activity (MVPA) 11 . Another questionnaire study with 40 194 outpatients with schizophrenia, found low engagement in leisure-time sports, and similar self-41 reported values for weekdays and weekend days: ~12.6 hours/day in sedentary and light (e.g. driving, 42 shopping), ~1.3 hours/day in moderate, and ~0.3 hours/day in vigorous activities 12 . This study 43 assessed combined sedentary and light activities 12 ; however, distinguishing SB from light activity is 44 important, given the different health-related implications 5 . One study assessed self-reported SB, 45 which found average sitting times of 5.1 hours/day 11 ; this study did not assess domain-specific 46 sedentary behaviours, or time spent reclining. Self-report methods are, however, prone to reporting 47 errors such as recall and social desirability bias 13 . 48
49
Objective methods, such as accelerometry, allow for unbiased measurement, but few studies have used 50 these in adults with mental illness. Accelerometry studies with sample sizes ranging from 46 14 to 165 15 
51
have reported mean times spent in SB ranging from 9.1 to 13.5 hours/day [14] [15] [16] , and MVPA ranging 52 from 14 to 42 minutes/day [14] [15] [16] [17] . Two studies also assessed bout durations of SB and MVPA: one foundA c c e p t e d M a n u s c r i p t Using a combination of self-report and objective measures may provide more comprehensive 63 assessment; however, few studies have done so. One study with 54 adults with schizophrenia, found 64 that participants reported a mean of 11.2 hours/week in PA (including low intensity), and that the most 65 commonly reported activity was walking 18 . This questionnaire also assessed sitting time, however, this 66 was operationalised as a "sitting index", which does not provide information about the duration or 67 context of sedentary behaviours. Accelerometer data from 16 participants indicated that 8.9 hours/day 68 was spent in SB, 32 minutes/day in moderate, and 4 minutes/day in vigorous activity 18 . 69
70
Previous research suggests high levels of SB in adults with mental illness, with lower estimates from 71 self-report measures than accelerometry (5.1 vs. ≥8.9 hours/day). Conversely, self-reported MVPA 72 tends to be higher than accelerometry (~1.6 hours/day vs. 42 minutes/day). Differences in PA and SB 73 estimates across studies could be due to differences in samples (e.g. diagnoses), or measures used. 74
Most studies have been with participants with a specific diagnosis; assessing PA and SB in 75 diagnostically heterogeneous groups is important, because PA and SB intervention can benefit adults 76 with a broad range of mental illnesses 19 . More research using self-report and objective measures with 77 adults with mental illnesses is therefore needed to provide insight into how (e.g. bout durations, break 78 frequency, measured intensity etc.), and in what context, PA and SB is accumulated for this group. A c c e p t e d M a n u s c r i p t validity for sitting at work and computer use (r=0.69-0.74), for mid-aged adults 23 . Because SB is 118 typically defined to include reclining time, an additional item was added to assess reclining time, not 119 including sleep (e.g. lying down due to stress, pain or boredom). Self-reported sedentary time for each 120 questionnaire item was truncated to 12 hours/day, with the exception of sitting for travel, which was 121 truncated to 8 hours/day. Individual questionnaire items were summed for weekdays and weekend 122 days, and self-reported sedentary behaviour in a usual day (Sr-SB/day) was calculated as (usual 123 weekday*5+usual weekend*2)/7, and truncated to 20 hours/day. Accelerometer vertical axis data were converted to counts per minute (cpm). Participants" self-133 reported time out of bed, and time to bed, were used to define their waking hours; only waking data 134 were analysed. Accelerometer non-wear time was identified from diaries, and from consecutive zero 135 counts ≥60 minutes. Data were considered valid if the accelerometer was worn for at least 90% ofA c c e p t e d M a n u s c r i p t 6 Accelerometer-derived sedentary behaviour (Ac-SB), light, and moderate-to-vigorous activity (Ac-139 MVPA), were defined as 100 cpm, 101-2,019 cpm, and >2,019 cpm, respectively. Daily averages of 140
Ac-SB and Ac-MVPA (Ac-SB/day and Ac-MVPA/day) were calculated. For ease of comparison with 141
Sr-MVPA/week, Ac-MVPA/day was converted to a weekly measure, by multiplying by seven (Ac-142
MVPA/week). 143
Bouts of Ac-MVPA and Ac-SB were defined as successive accelerometer data above, and below, their 145 respective thresholds (>2,019 cpm, and 100 cpm). Bouts of Ac-MVPA 10 minutes or longer were 146 identified, consistent with some PA recommendations 24 , and bouts of Ac-SB longer than 20 minutes 147 were identified as prolonged bouts, given that breaks in sedentary time every 20 minutes can confer 148 health benefits 25 . The data between successive Ac-SB bouts (≥1-minute) were defined as sedentary 149 breaks; the mean number, duration, and intensity of sedentary breaks, were calculated 26 . 150
151
Demographic questionnaires were used in both study components. Participants indicated psychiatric 152 diagnosis from a list of: depression, anxiety (e.g., post-traumatic stress disorder, panic attack, 153 obsessive compulsive disorder, generalised anxiety disorder), psychoses (e.g., schizophrenia, 154 schizoaffective disorder), substance use (e.g., drug, alcohol), eating disorder, bipolar disorder, or other 155 (please specify). Level of distress was assessed using the Kessler-6 scale; scores range from 6 to 30, 156 with scores over 15 indicating high distress 27 . 157
158
Participants" demographic characteristics were compared across study components using chi-squared 159 and t-tests. Wilcoxon signed-rank tests were used to compare the reported frequencies, and truncated 160 durations of questionnaire items. Due to the potential for researcher administration to influence self-161 report results, questionnaire data for participants who requested assistance were compared with those 162 that self-administered, using Mann-Whitney tests. Accelerometer-derived outcomes were weighted by 163 the number of valid days of accelerometry for each participant, to generate group summary statistics.
A c c e p t e d M a n u s c r i p t 7 with Ac-SB/day. Accelerometer data reduction was performed using Matlab 2011b, and SPSS v.22 167 was used to generate descriptive statistics and perform statistical tests. 168
169

Results
170
Of the 425 individuals invited or referred to the study, 142 (33%) completed the questionnaires, 55% 171 of whom were recruited from hospital sites; no information is available on those who declined. Most 172 questionnaire participants (79%; n=112) consented to the accelerometer component; attrition for the 173 accelerometry was 12%. Of those who completed the accelerometry, 47% were recruited from hospital 174 sites. Participants who completed the accelerometry were similar on age (mean=40 vs. 40 years), sex 175 (female=47% vs. 35%), BMI (mean=30 vs. 26), and distress (mean=15 vs. 16) to those who declined 176 or withdrew, and less likely to have a psychotic or substance use disorder (56% vs 100%; p=0.003) 177 than those who withdrew. Just under half of the sample reported multiple psychiatric diagnoses; the 178 most common co-occurring diagnosis was depression, followed by anxiety.
Demographic 179 characteristics are summarised in Table 1 . 
208
One participant"s accelerometer data were lost due to an accelerometer fault, and one participant only 209 wore the monitor to sleep. Of the 99 participants who wore the monitor during waking hours, 75 210 (76%) met the minimum wear-time criteria; these participants were older than those without valid data 211 (mean=42 vs. 34 years; p=.002), but similar on sex (female=47% vs. 50%), BMI (mean=30 vs. 31), 212 and distress (mean=15 vs. 16). The median number of valid days for these participants was 6 (IQR=6-213 7), and the median proportion of waking hours that participants wore the monitor was 98% (IQR=97-214 99%; range=93-100%). Participants spent a median of 26 minutes/day (IQR=12-52) in MVPA (3%, 215 IQR=1-7% of wear-time), 7% (IQR=0-21%) of which was accumulated in ≥10 minute bouts. Light 216 activity accounted for just under a third of wear-time (Med=30%, IQR=25-38%). Participants spent a 217 median of 9.2 hours/day (IQR=7.9-10.6) sedentary (65%, IQR=58-72% of wear-time), over a third of 218 which (Med=34%, IQR=25-42%) was accumulated in >20 minute bouts. Participants recruited from 219 community-based sites had higher SB, U=925, p=.017, r=.28, and lower MVPA, U=503, p=.036,A c c e p t e d M a n u s c r i p t 9 (IQR=77-102), the median break length was 3.3 (IQR=2.7-3.9) minutes, and the median break 222 intensity was 533 (IQR=438-619) cpm, which is light intensity. illness, and Sr-MVPA/week was truncated for more than 10% of participants, indicating that over-238 reporting may be high. We truncated self-report data consistent with the guidelines for the 239 questionnaire, however, we are not aware of studies on the appropriateness of the specific truncation 240 values for adults with mental illness. The most common type of activity was walking for transport, 241 which is in agreement with other research 8, 11, 18 . PA interventions for adults with mental illness could 242 target increasing recreational walking. Future research could investigate walking cadence, given 243 previous research indicating its impact on health 28 . 244
245
Questionnaire data indicated that participants were highly sedentary. Our study is the first to report SB 246 in six domains, including time spent reclining. Sitting to watch TV contributed most to SB, and sitting 247 for travel was most frequently reported. Reclining time, not including sleep, was an importantA c c e p t e d M a n u s c r i p t employment. The SB questionnaire has not been validated in adults with mental illness, and truncation 250 was applied to more than 6% of responses, potentially indicating over-reporting. High levels of SB in 251 adults with mental illness could be due to medication side-effects (e.g. lethargy, weight gain), 252 symptoms of mental illness (e.g. avolition, anhedonia, psychomotor retardation), and socio-253 behavioural issues (e.g. social isolation, low self-esteem or self-confidence). Reducing or breaking-up 254 reclining and TV time could be a target of SB interventions for this group. 255
256
Our study extends previous accelerometry research by assessing bout characteristics: one third of SB 257 was accumulated in prolonged bouts, and participants tended to break up SB with short bouts of light 258 activity, which may have health implications, given that previous research has shown that interrupting 259 SB every 20 minutes is beneficial 25 . Only a small proportion of accelerometer-derived MVPA time 260
was accumulated in at least 10 minute bouts, indicating that participants may report short-duration 261 bursts of incidental activity. In our study, self-reported MVPA was greater than accelerometer-derived 262 MVPA; however, our questionnaire asked about the week preceding the accelerometry period, and 263 may reflect actual differences in behaviour. The poor correlation between self-report and 264 accelerometry measurements of SB may indicate difficulties using SB questionnaires in this group 29 . 265 266 A strength of this study is the diagnostically heterogeneous sample recruited from both community 267 and hospital settings, which increases generalizability; however, a convenience sample was used 268 instead of a random sample, therefore our sample may not be representative. This heterogeneity likely 269 contributed to the differences in self-reported and accelerometer-derived PA and SB between this and 270 previous studies. Differences in self-report data across studies could also be due to different recall 271 periods; we asked about PA in the previous week, while others have asked about a usual day 12 , and a 272 typical week 18 . Comparability across studies would be enhanced by use of standardised PA and SB 273 questionnaires designed for use, and validated, with adults with mental illness. M a n u s c r i p t A c c e p t e d M a n u s c r i p t 
